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Abstract
Background: Recent	studies	have	revealed	that	super-	enhancer–	associated	long	non-
coding	RNAs	 (SE-	LncRNAs)	act	pivotal	 roles	 in	carcinogenesis.	This	study	aimed	to	
report	 the	 identification	of	 a	novel	 SE-	LncRNA,	RP11-	569A11.1,	 and	 its	 functional	
role in colorectal cancer (CRC) progression.
Methods: Arraystar	human	SE-	LncRNA	microarray	was	performed	to	detect	differen-
tially	expressed	SE-	LncRNAs	in	CRC	tissues.	RT-	qPCR	was	conducted	to	detect	the	
expression	level	of	RP11-	569A11.1	in	CRC	tissues	and	cells.	The	ROC	curve	was	used	
to	analyze	the	sensitivity	and	specificity	of	RP11-	569A11.1	in	CRC	diagnosis.	CCK-	8	
assay,	colony	formation	assay,	flow	cytometry	assay,	and	transwell	assay	were	used	
to	study	the	function	of	RP11-	569A11.1.	RNA-	seq	array	was	performed	to	analyze	
the	 potential	 downstream	 target	 gene	 of	 RP11-	569A11.1.	Western	 blot	 assay	was	
conducted	to	measure	the	protein	level	of	interferon-	induced	protein	with	tetratrico-
peptide repeat 2 (IFIT2).
Results: A	 total	 of	 23	 (15	 up-		 and	 8	 downregulated)	 significantly	 expressed	 SE-	
LncRNAs	were	 identified	 in	CRC	tissues.	The	 top	8	upregulated	SE-	LncRNAs	were	
RP11-	893F2.9,	 PTCSC1,	 RP11-	803D5.4,	 AC005592.2,	 LINC00152,	 LINC01232,	
AC017002.1,	 and	RP4-	673M15.1,	 and	 the	 top	8	downregulated	SE-	LncRNAs	were	
RP11-	569A11.1,	 RP11-	245G13.2,	 RP11-	556N21.1,	 U91328.19,	 AX748340,	 CTD-	
2337J16.1,	 CATG00000108830.1,	 and	 RP11-	670E13.2.	 Of	 which,	 RP11-	569A11.1	
was found to be significantly downregulated in CRC tissues and cells. ROC curve 
analysis	showed	the	area	under	the	curve	(AUC)	of	0.77	[95%	confidence	interval	(CI),	
0.660–	0.884,	p	<	0.001],	and	the	diagnostic	sensitivity	and	specificity	were	74.29%	
and	 71.43%,	 respectively.	 Functionally,	 overexpression	 of	 RP11-	569A11.1	 inhib-
ited	CRC	cell	proliferation,	migration	and	invasion,	and	induced	cell	apoptosis,	while	
knockdown	of	RP11-	569A11.1	generated	an	opposite	effect.	Mechanistically,	RP11-	
569A11.1	positively	regulated	IFIT2	expression	in	CRC	cells.
Conclusion: RP11-	569A11.1	 inhibited	 CRC	 tumorigenesis	 by	 IFIT2-	dependent	 and	
could	serve	as	a	promising	diagnostic	biomarker	in	CRC.
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1  |  INTRODUCTION

Colorectal	cancer	(CRC)	is	one	of	the	most	malignant	cancers,	that	
ranks	as	the	third	leading	cause	of	cancer-	related	deaths	worldwide.1 
In	China,	the	morbidity	of	CRC	has	risen	promptly	and	its	mortality	
ranks	the	fifth	of	cancer-	related	deaths.2,3	Although	the	outcome	of	
CRC patients has to some extent been improved owing to tremen-
dous	development	of	diagnostic	strategies	and	medical	instruments,	
most	CRC	patients	are	still	diagnosed	at	an	advanced	stage,4,5 and 
the molecular mechanism of that participated in carcinogenesis and 
progression	of	CRC	is	still	vague.	Therefore,	further	exploration	of	
its tumorigenesis mechanism can help us to discover novel molecular 
target for CRC therapy.

Super-	enhancers	(SEs)	are	characterized	as	clusters	of	enhancers,	
which are enriched in mediator binding sites and possess various chro-
matin	 markers,	 such	 as	 H3K4me1,	 H3K4me3,	 H3K27ac,	 and	 P300	
acetyltransferase.6-	8	In	various	mammalian	cells,	SEs	can	regulate	gene	
expression	within	 a	 large	 genomic	 distance	 and	determine	 cell-	type	
specificity.7,9	More	importantly,	SEs	are	mainly	distributed	in	mutation	
regions of the genome and are closely related to multiple disease lin-
eages,	especially	human	cancers.10,11	SE-	LncRNAs	are	a	specific	type	
of	lncRNAs	that	are	transcribed	from	or	interact	with	SEs.12,13 Recent 
studies	 have	 shown	 that	 SE-	LncRNAs	 mechanically	 participated	 in	
extensive	 pathological	 process	 of	 human	 cancers	 by	 subjecting	 SE	
activation or interacting with proteins and other molecules. For ex-
ample,	Jiang	et al.	have	showed	that	the	SE-	LncRNA	CCAT1	formed	
a	 complex	 with	 TP63	 and	 SOX2	 to	 activate	 the	 super-	enhancer	 of	
EGFR	gene,	thereby	promoting	the	progression	of	squamous	cancer.14 
Lin	et al.	have	reported	that	SE-	LncRNA	UCA1	activated	YAP	target	
genes	by	interacting	directly	with	AMOT	in	epithelial	ovarian	cancer.15 
Squamous	cell	carcinoma	(SCC)–	specific	LINC01503	derived	from	SE	
was	overexpressed	in	SCC	and	promoted	SCC	metastasis	through	ERK	
signaling	 and	 AKT	 signaling.16	 Moreover,	 LINC01503,	 regulated	 by	
LncRNA	GACAT3,	was	associated	with	clinicopathological	characteris-
tics in CRC patients.17	All	the	above	studies	indicated	that	SE-	LncRNAs	
play	important	roles	in	carcinogenesis,	but	the	function	of	SE-	LncRNAs	
involved in the progression of CRC has not been fully elucidated.

In	 this	 study,	 we	 performed	 Arraystar	 human	 SE-	LncRNA	mi-
croarray	to	profile	differentially	expressed	SE-	LncRNAs	in	4	paired	
CRC	tissues.	And	a	novel	SE-	LncRNA,	RP11-	569A11.1,	was	found	to	
be significantly downregulated in CRC tissues and cells. The sensitiv-
ity	and	specificity	of	RP11-	569A11.1	in	CRC	diagnosis	were	74.29%	
and	 71.43%,	 respectively.	 RP11-	569A11.1	 functionally	 inhibited	
CRC	 cell	 proliferation	 and	metastasis,	 but	 induced	 cell	 apoptosis.	
Mechanistically,	 RP11-	569A11.1	 exerted	 tumor	 suppressor	 func-
tions	by	regulating	IFIT2.	To	date,	there	has	been	no	report	on	the	
biological	function	of	RP11-	569A11.1	in	cancer.

2  | MATERIALS AND METHODS

2.1  |  Patients and tissue samples

The study was approved by the Clinical Research Ethics Committee 
of	Nanjing	Medical	University,	and	the	ethical	permit	number	was	
(2019)843.	 The	 research	 was	 conducted	 in	 accordance	 with	 the	
Declaration	 of	 Helsinki.	 Written	 informed	 consent	 was	 obtained	
from	 all	 patients.	 In	 this	 study,	 a	 total	 of	 39	 paired	 CRC	 tissues	
and	 matched	 NATs	 were	 analyzed,	 including	 4	 paired	 tissues	 for	
Arraystar	human	SE-	LncRNA	microarray	and	35	paired	tissues	for	
further	 experiments.	All	 clinical	 samples	were	 obtained	 from	The	
Affiliated	Cancer	Hospital	of	Nanjing	Medical	University	 (Nanjing,	
China)	 and	 stored	 at	 −80°C	 until	 analysis.	 No	 patients	 received	
chemotherapy	before	resection,	and	all	tissues	have	been	certified	
by pathologists.

2.2  | Microarray analysis

Arraystar	 human	 SE-	LncRNA	 microarray	 was	 performed	 on	 4	
pairs	of	CRC	tissues	and	NATs	to	analyze	differentially	expressed	
SE-	LncRNAs.	 All	 experimental	 procedures	 were	 performed	 fol-
lowing	 Arraystar	 standard	 protocol.	 Briefly,	 RNA	 quantity	 and	
quality	 were	measured	 by	 NanoDrop	 ND-	1000.	 Using	 the	 ran-
dom	primer	method	of	Quick	Amp	labeling	kit	One-	Color	(Agilent	
p/n	5190–	0442),	the	RNA	sample	was	amplified	and	transcribed	
into	 Cy3-	labeled	 cRNA	 along	 the	 full	 length	 of	 the	 transcript,	
without	 3'bias.	 The	 labeled	 cRNAs	 were	 hybridized	 by	 Agilent	
Gene	Expression	Hybridization	Kit	(Agilent	p/n	5188–	5242).	Use	
Agilent	 feature	 extraction	 software	 (v11.0.1.1)	 to	 analyze	 the	
acquired	 array	 images,	 and	 use	 GeneSpring	 GX	 v12.1	 software	
package	 (Agilent	 Technologies)	 for	 further	 analysis	 and	 stand-
ardization.	 SE-	LncRNAs	with	 statistically	 significant	 differences	
between the two groups were identified through p-	value/FDR	
and fold change.

2.3  |  Cell culture

Colorectal	 cancer	 cell	 lines	 HT-	29,	 HCT-	116,	 SW480,	 LoVo,	 and	
immortalized	 colon	epithelial	 cell	 line	FHC	were	purchased	 from	
the	 American	 Type	 Culture	 Collection	 (ATCC)	 and	 cultured	 in	
Dulbecco's	 modified	 Eagle's	 medium	 (DMEM,	 KeyGen)	 supple-
mented	with	10%	 fetal	 bovine	 serum	 (Gibco;	 Invitrogen)	 and	1%	
penicillin/streptomycin	(Invitrogen)	in	an	incubator	containing	5%	
CO2	at	37°C.
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2.4  |  Isolation of RNA and RT- qPCR

Total	 RNA	was	 isolated	 using	 TRIzol	 reagent	 (Invitrogen).	 Purified	
RNAs	 were	 reverse-	transcribed	 into	 cDNA	 using	 PrimeScript™ 
RT	 Reagent	 Kit	 with	 gDNA	 Eraser	 (TaKaRa).	 RT-	qPCR	 assay	
was	 performed	 on	 QuantStudio	 6	 Flex	 real-	time	 PCR	 system	
using	 SYBR™	 Select	 Master	 Mix	 Kit	 (Thermo	 Fisher	 Scientific).	
GAPDH	 was	 used	 to	 normalize	 relative	 gene	 expression	 lev-
els calculated using the 2−ΔΔCt	 method.	 The	 primer	 sequences	
were	 as	 follows:	 5′-		 CCAAGCTCCTTGAGGCTAGA-	3′	 (forward)	
and	 5′-		 ATGCAGATTAAGGGGGAGCAG-	3′	 (reverse)	 for	 RP11-	
569A11.1,	 5′-		 AAGCACCTCAAAGGGCAAAAC	 −3′	 (forward)	
and	 5′-		 TCGGCCCATGTGATAGTAGAC	 −3′	 (reverse)	 for	 IFIT2,	
and	 5′-		 GCAAGAGCACAAGAGGAAGA	 −3′	 (forward)	 and	 5′-		
ACTGTGAGGAGGGGAGATTC	−3′	(reverse)	for	GAPDH.

2.5  |  Subcellular fractionation and RNA  
isolation

The separation of nuclear and cytosolic fractions was carried out 
using	the	PARISTM	kit	 (Invitrogen)	according	to	the	manufacturer's	
protocol.	 The	 RNA	 isolated	 from	 the	 nucleus	 and	 cytoplasm	 was	
subjected	 to	 subsequent	 reverse	 transcription	 and	 RT-	qPCR	 of	
RP11-	569A11.1.

2.6  |  Fluorescence in situ hybridization assay

Colorectal	 cancer	 cells	 were	 fixed	 by	 4%	 paraformaldehyde	 and	
hybridized	 by	 RP11-	569A11.1	 probe	 (5′-		 GTTACATCTCTAGTATA	
ACACCGACACCAGAGATGCAGATTAAGTGCTTTT
GAATTTCTGGCAGAG-	3′).	 Through	 denaturation,	 annealing,	 and	
renaturation	processes,	DAPI	staining	was	used	for	nuclear	staining.	
The	result	was	finally	observed	under	a	fluorescence	microscope.	All	
experimental procedures were performed according to the manu-
facturer's	protocol	of	FISH	kit	(GenePharma).

2.7  | Overexpression and interference 
construction

The	plasmid	overexpression	vector	of	RP11-	569A11.1	and	negative	
control	were	constructed	by	GenePharma.	The	Smarter	Silence	of	
RP11-	569A11.1	 and	 negative	 control	 were	 purchased	 by	 Ribobio.	
IFIT2	overexpression	plasmid	and	small	interfering	RNAs	(siRNA)	were	
synthesized	by	GenePharma.	The	target	sequence	of	RP11-	569A11.1	
Smarter	 Silence	was	 as	 follows:	 (1)	AGACTGCTGCTGGGCTTTGC;	
(2)	TCCTATACAGCCTCTGCCAG;	(3)	CCAAGCTCCTTGAGGCTAGA;	
(4)	 GCAGAGAGGGCTTTTATTT;	 (5)	 CCAGGTAGACGGTGTTATA;	
and	(6)	GGTTCTGAAGCACCATCTC.	IFIT2	siRNA	sequence	was	as	
follows:	sense	5′-	GGAAUUCAGUAAAGAGCUUTT-	3′	and	antisense	
5′-	AAGCUCUUUACUGAAUUCCTT-	3′.

2.8  |  Cell transfection

Cells	 were	 cultured	 in	 six-	well	 plates,	 and	 when	 the	 cell	 density	
reached	60%-	80%,	transfection	was	carried	out	with	Lipofectamine	
3000 (Invitrogen) according to the manufacturer's instructions.

2.9  |  CCK- 8 and colony formation assays

Cell	 proliferation	 capacity	 was	 evaluated	 by	 Cell	 Counting	 Kit-	8	
(CCK-	8,	 Dojindo	 Laboratories).	 HCT-	116	 and	 SW480	 cells	 were	
seeded	 in	 96-	well	 plates	with	 initial	 density	 of	 5	 ×	 103 cells/well. 
At	 0	 h,	 24	 h,	 48	 h,	 and	 72	 h,	 absorbance	 values	 at	 450	 nm	were	
measured	by	 a	microplate	 reader.	 For	 the	 colony	 formation	 assay,	
1	×	103	CRC	cells	were	added	 into	each	well	of	a	6-	well	plate	and	
cultured	with	10%	FBS	for	7	days.	The	colonies	were	fixed	with	4%	
paraformaldehyde	for	30	min	and	then	stained	with	1%	crystal	violet	
for 30 min. The number of colonies was counted under a light micro-
scope. Experiments were repeated in triplicate.

2.10  |  Cell migration and invasion  
assays

Migration chambers (Corning Inc costar®) and invasion chambers 
(Corning® Matrigel® invasion chamber) were used for cell migra-
tion	and	invasion	assays.	A	total	of	8.0	×	104 CRC cells suspended 
in 200 μl	serum-	free	DMEM	were	seeded	into	the	upper	chamber	of	
transwell	and	600	μl	DMEM	containing	20%	(v/v)	FBS	for	the	lower	
chamber.	After	incubated	for	48	h,	the	non-	migrated	or	non-	invaded	
cells	 in	the	upper	chamber	were	removed	by	cotton-	tipped	swabs.	
The	cells	that	passed	through	chamber	were	fixed	by	4%	paraformal-
dehyde	and	then	stained	with	1%	crystal	violet.	The	average	number	
of cells was obtained by calculating six random visual fields. Each 
experiment was conducted in triplicate.

2.11  |  Cell apoptosis analyses

After	24-	h	 transfection,	HCT-	116	 and	SW480	 cells	were	digested	
with	trypsin	without	EDTA	to	obtain	single-	cell	suspensions.	Then,	
cells	were	subjected	to	Annexin	V-	fluorescein	isothiocyanate	(FITC)	
and	propidium	iodide	(PI)	using	Annexin	V-	FITC/PI	kit	(BestBio).	All	
samples	 were	 analyzed	 with	 BD	 FACSVerse	 flow	 cytometry	 (BD	
Biosciences).	Assays	were	performed	at	least	three	times.

2.12  |  RNA sequencing array and 
bioinformatics analysis

RNA-	seq	 array	 was	 conducted	 to	 analyze	 gene	 expression	 pro-
files	in	RP11-	569A11.1-	overexpressed	cells	(SW480	and	HCT-	116)	
and	 to	 discover	 potential	 downstream	 genes	 of	 RP11-	569A11.1.	
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The	 whole	 RNA-	seq	 was	 conducted	 by	 CapitalBio	 Technology.	
Hierarchical	 clustering	 and	 volcano	 plot	were	 used	 to	 reveal	 the	
systemic variations of differentially expressed genes (p < 0.05 and 
fold	change	>1).	The	Gene	Ontology	(GO)	and	Kyoto	Encyclopedia	
of	Genes	and	Genomes	(KEGG)	pathway	were	applied	for	enrich-
ment	analysis	of	altered	genes.	The	results	of	GO	and	KEGG	path-
way with p	<	0.05	were	defined	significantly	enrichment,	and	the	
lower the p-	value,	 the	more	 significantly	 for	GO	 term	and	KEGG	
pathway.

2.13  | Western blot

RIPA	buffer	(Servicebio,	#G2002)	with	protease	and	phosphatase	
inhibitors	was	used	to	lyse	cell	and	extract	protein,	and	the	pro-
tein	 concentration	was	determined	using	BCA	protein	 array	 kit	
(Servicebio,	 #G2026).	 Total	 proteins	 were	 separated	 by	 SDS-	
PAGE	 and	 transferred	 to	 polyvinylidene	 fluoride	 membranes.	
The primary antibodies were cultured to directly against target 
proteins:	 IFIT2	 (#12604-	1-	AP,	Proteintech)	 and	GAPDH	 (#5174,	
CST).

2.14  |  Statistical analysis

All	 statistical	 analyses	 were	 performed	 using	 GraphPad	 Prism	
v7.03.	Wilcoxon	matched-	pairs	test	was	used	to	analyze	significant	
differences	 in	 expression	 between	 CRC	 tissues	 and	 their	 NATs.	
Student's	 t-	test	 was	 applied	 for	 the	 comparison	 between	 data	
from	two	groups.	A	value	of	p < 0.05 was considered statistically 
significant.

3  |  RESULTS

3.1  | Differentially expressed SE- LncRNAs in CRC 
tissues

To	explore	the	role	of	SE-	LncRNAs	in	CRC,	we	conducted	Arraystar	
human	 SE-	LncRNA	 microarray	 to	 profile	 differentially	 expressed	
SE-	LncRNAs	 in	 4	 paired	CRC	 tissues	 and	matched	NATs.	 LncRNA	
data are carefully constructed using the most highly respected pub-
lic	transcriptome	databases	(RefSeq,	UCSC	Known	Genes,	Ensembl	
database,	and	LncRNA	database),	as	well	as	landmark	publications.	
Super-	enhancer	data	were	arranged	 from	dbSUPER	database.	The	
variations	of	SE-	LncRNA	expression	were	 revealed	by	scatter	plot	
and	volcano	plot	 (Figure	1A,B).	Based	on	 the	 filter	 criteria	of	 fold	
change >2 and p-	value	<0.05,	a	total	of	15	significantly	upregulated	
and	 8	 significantly	 downregulated	 SE-	LncRNAs	 were	 identified	
(Figure 1C).

3.2  |  RP11- 569A11.1 is significantly downregulated 
in CRC tissues and cells

Among	these	differentially	expressed	SE-	LncRNAs,	RP11-	569A11.1	
was	 remarkably	 downregulated	 in	 CRC	 (fold	 change	 =	 −2.025,	
p-	value	 =	 0.026).	 To	 confirm	 the	 result	 of	microarray	 analysis,	we	
collected 35 paired CRC tissues to detect the expression level of 
RP11-	569A11.1.	The	result	of	RT-	qPCR	showed	the	 level	of	RP11-	
569A11.1	in	CRC	tissues	was	significantly	lower	than	that	in	matched	
NATs	 (0.28	±	0.36	vs	1.00	±	1.33,	p	<	0.001,	Figure	2A),	 that	was	
consistent	with	 the	 result	of	TCGA	database	 (Figure	2B).	Receiver	
operating characteristic (ROC) curve showed the area under the 

F IGURE  1 SE-	LncRNA	microarray	analysis	of	CRC	tissues.	A,	The	scatter	plot	displayed	variation	in	SE-	LncRNA	expression	between	
group-	N	(normal)	and	group-	T	(CRC).	B,	The	volcano	plot	represented	the	fold	change	values	and	P-	values	of	the	microarray	data.	C,	
Hierarchical	clustering	revealed	differentially	expressed	SE-	LncRNAs	(fold	change	>2,	p-	value	<0.05).	Red	and	green	colors	represented	
upregulated	and	downregulated	SE-	LncRNAs,	respectively
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curve	 (AUC)	 of	 0.77	 [95%	 confidence	 interval	 (CI),	 0.660–	0.884,	
p	<	0.001],	and	the	diagnostic	sensitivity	and	specificity	were	74.29%	
and	71.43%,	respectively	(Figure	2C).	Similarly,	in	CRC	cell	lines	(HT-	
29,	LoVo,	HCT-	116,	and	SW480),	the	expression	of	RP11-	569A11.1	
was	lower	than	that	in	the	immortalized	colon	epithelial	cell	line	FHC	
(Figure	2D).	The	cell	line	HCT-	116	and	SW480	with	lower	expression	
of	RP11-	569A11.1	were	subjected	to	further	researcher.

3.3  |  RP11- 569A11.1 is super- enhancer– associated 
long noncoding RNA mainly located in nucleus

RP11-	569A11.1,	also	known	as	SYT2-	AS1,	was	located	on	chromo-
some	1q32.1	with	coordinate	of	202573396–	202574421	and	a	length	
of	314	bp	using	the	UCSC	Genome	Browser	database.	The	GeneID	
and	TransID	were	ENSG00000226862	and	ENST00000428573,	re-
spectively.	RP11-	569A11.1	was	a	SE-	LncRNA	that	was	obtained	from	
microarray	result	and	dbSUPER	(http://asnte	ch.org/dbsup	er/)	data-
base	by	analyzing	H3K27ac	ChIP-	seq	data.	CPAT	(http://lilab.resea	
rch.bcm.edu/cpat/)	 predicted	 that	 RP11-	569A11.1	 had	 no	 protein	
coding	potential	with	0.00977	probability	(Figure	3A).	Additionally,	

we performed subcellular fractionation and fluorescence in situ 
hybridization	 (FISH)	 experiments	 to	 explore	 the	 location	of	RP11-	
569A11	 in	CRC	cells.	The	result	 revealed	that	RP11-	569A11.1	was	
mainly	distributed	in	the	nucleus	(Figure	3B,C).

3.4  | Overexpression of RP11- 569A11.1 inhibits 
cell proliferation, migration, and invasion, but induces 
apoptosis in CRC

The	 significantly	 lower	 level	 of	RP11-	569A11.1	 in	CRC	 tissues	 and	
cells	 inspired	 us	 to	 investigate	 the	 biological	 function	 of	 RP11-	
569A11.1	in	CRC.	We	upregulated	RP11-	569A11.1	expression	using	
pcDNA3.1	 plasmid	 (Figure	 4A)	 and	 applied	 experiments	 of	 gain	
of	 function	 in	 SW480	 and	 HCT-	116	 cells,	 respectively.	 The	 result	
showed	that	overexpression	of	RP11-	569A11.1	significantly	inhibited	
cell	proliferation	and	colony	formation	in	CCK-	8	assay	and	colony	for-
mation	assay	(Figure	4B,C).	 In	flow	cytometry	analysis,	upregulated	
RP11-	569A11.1	enhanced	cell	 apoptosis	 rate	 (Figure	4D).	 Likewise,	
transwell	assays	demonstrated	that	RP11-	569A11.1	overexpression	
significantly	inhibited	cell	migration	and	invasion	abilities	(Figure	4E).

F IGURE  2 RP11-	569A11.1	was	
significantly downregulated in CRC 
tissues	and	cell	lines.	A,	RP11-	569A11.1	
expression was detected in 35 paired 
CRC	tissues	and	matched	NATs.	B,	TCGA	
data	of	RP11-	569A11.1	expression	in	CRC	
tissues	and	normal	tissues.	C,	ROC	curve	
was	performed	to	analyze	the	sensitivity	
and	specificity	of	RP11-	569A11.1	in	CRC	
diagnosis.	D,	RP11-	569A11.1	expression	
was	measured	in	colon	epithelial	cell	FHC	
and	CRC	cell	lines	(HT-	29,	LoVo,	HCT-	116,	
and	SW480).	*	p	<	0.05	and	**	p < 0.01
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3.5  | Knockdown of RP11- 569A11.1 promotes cell 
proliferation, migration, and invasion, but suppresses 
apoptosis in CRC

To	further	verify	the	effect	of	RP11-	569A11.1	on	CRC	cell,	we	synthe-
sized	a	Smart	Silence	to	specifically	inhibit	RP11-	569A11.1	expression	
(Figure	5A)	and	performed	the	experiments	of	loss	of	function.	The	
result	showed	inhibition	of	RP11-	569A11.1	promoted	cell	prolifera-
tion	and	colony	formation	(Figure	5B,C),	but	decreased	cell	apopto-
sis rate when compared with control groups (Figure 5D). In transwell 
assays,	 knockdown	 of	 RP11-	569A11.1	 significantly	 increased	 cell	

migration	and	invasion	abilities	(Figure	5E).	Collectively,	the	results	in	
above	illustrated	that	RP11-	569A11.1	may	play	a	role	of	tumor	sup-
pressor	in	CRC,	that	was	in	correspondence	with	the	clinical	findings.

3.6  | Analysis of potential downstream genes of 
RP11- 569A11.1

To	 explore	 the	 molecular	 mechanism	 of	 RP11-	569A11.1	 in	 CRC,	
we	performed	RNA-	seq	assay	 to	 analyze	gene	expression	profiles	
in	 RP11-	569A11.1-	overexpressed	 cells	 (SW480	 and	 HCT-	116).	

F IGURE  3 RP11-	569A11.1	was	mainly	distributed	in	nucleus.	A,	The	probability	of	RP11-	569A11.1	to	encode	proteins.	B,	Subcellular	
fractionation	assay	was	used	to	determine	the	nuclear	and	cytoplasmic	expression	ratio	of	RP11-	569A11.1	in	CRC	cell.	C,	Fluorescence	in	
situ	hybridization	assay	(FISH)	was	used	to	detect	the	subcellular	localization	of	RP11-	569A11.1	in	CRC	cell.	*	p	<	0.05	and	**	p < 0.01
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Hierarchical	clustering	indicated	the	systematic	variations	of	genes	
between	NC	group	and	RP11-	569A11.1	group	in	SW480	and	HCT-	
116	cells,	respectively.	The	volcano	plot	revealed	378	dysregulated	
genes	(196	upregulated	and	182	downregulated)	in	RP11-	569A11.1-	
overexpressed	SW480	 cells	 and	317	dysregulated	 genes	 (201	up-
regulated	and	116	downregulated)	in	RP11-	569A11.1-	overexpressed	
HCT-	116	cell,	when	compared	with	NC	groups	(fold	change	>1.5	and	
p-	value	<0.05)	(Figure	6A,B).	Additionally,	GO	analysis	was	applied	
to	analyze	the	enrichment	of	these	altered	genes	from	three	aspects:	
biological	process	(BP),	cellular	component	(CC),	and	molecular	func-
tion	 (MF)	 (Figure	 6C).	 Likewise,	 KEGG	 pathway	 analysis	 revealed	
the enrichment of dysregulated genes in top enriched signaling 
transduction	 pathways	 (Figure	 6D).	Of	which,	 interferon	 signaling	
pathway,	DNA	methylation,	TNF	signaling	pathway,	and	NF-	kappa	
B	 signaling	 pathway	 have	 been	 reported	 to	 be	 closely	 related	 to	
tumorigenesis,18-	21	which	indicated	that	RP11-	569A11.1	had	poten-
tial regulatory functions in CRC tumorigenesis and progression.

3.7  |  RP11- 569A11.1 positively regulates IFIT2 
expression in CRC cell

To	effectively	find	the	downstream	target	gene	of	RP11-	569A11.1,	
we	focused	on	the	intersection	of	378	dysregulated	genes	in	SW480	
cell	group	with	317	dysregulated	genes	 in	HCT-	116	cell	group	and	
found	a	subset	of	IFN-	stimulated	genes	(ISGs),	such	as	IFIT1,	IFIT2,	
and	 IFIT3,	 was	 significantly	 upregulated	 following	 RP11-	569A11.1	
overexpression	(Figure	6E).	Of	which,	IFIT2	was	a	well-	known	tumor	
suppressor	in	various	types	of	human	cancer.	We	hypothesized	that	
RP11-	569A11.1	 exerted	 its	 anti-	tumor	 effect	 by	 regulating	 IFIT2.	
To	 test	 it,	we	 detected	 the	 expression	 of	 IFIT2	 in	 RP11-	569A11.1	
overexpression	and	knockdown	cells	by	RT-	qPCR	and	Western	blot	
assays.	 The	 result	 showed	 that	 overexpression	 of	 RP11-	569A11.1	
upregulated	 IFIT2	expression,	while	knockdown	of	RP11-	569A11.1	
downregulated	IFIT2	expression	(Figure	6F).	Collectively,	these	data	
indicated	that	IFIT2	may	be	the	downstream	target	of	RP11-	569A11.1.

F IGURE  4 Overexpression	of	RP11-	
569A11.1	inhibited	CRC	cell	proliferation,	
migration,	and	invasion,	but	induced	cell	
apoptosis.	A,	The	efficiency	of	RP11-	
569A11.1	overexpression	in	CRC	cell	was	
assessed	by	RT-	qPCR.	B-	C,	CCK-	8	and	
colony formation assays were performed 
to	assess	cell	proliferation	ability.	D,	Flow	
cytometry array was used to determine 
cell	apoptosis.	E,	Transwell	arrays	were	
conducted to measure cell migration 
and	invasion	activities.	*p	<	0.05	and	**	
p < 0.01
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3.8  |  RP11- 569A11.1 exerts tumor suppressor 
functions in CRC via IFIT2

Rescue	experiments	were	performed	to	investigate	whether	RP11-	
569A11.1	exerts	 tumor	suppressor	 functions	 in	CRC	by	 IFIT2.	We	
knockdown	 IFIT2	 by	 siRNA	 transfection	 in	 RP11-	569A11.1	 over-
expression cell and upregulated IFIT2 by plasmid transfection in 
CRC	cell.	As	shown	in	Figure	7A,B,	knockdown	of	IFIT2	significantly	
prompted	cell	proliferation	and	colony	formation	inhibited	by	RP11-	
569A11.1	 overexpression.	 Furthermore,	 IFIT2	 knockdown	 res-
cued	the	promoting	cell	apoptosis	effect	following	RP11-	569A11.1	
overexpression (Figure 7C). Cell migration ability suppressed by 

RP11-	569A11.1	upregulation	was	also	encouraged	when	IFIT2	was	
downregulated	 (Figure	7D).	Collectively,	 these	 data	 indicated	 that	
RP11-	569A11.1	 exerted	 tumor	 suppressor	 functions	 in	 CRC	 via	
IFIT2.

4  | DISCUSSION

Colorectal cancer is a highly heterogeneous disease involving various 
genes	alterations,	mainly	oncogenes	activation	or	the	tumor	suppres-
sor genes inactivation.22,23	For	example,	 the	gene	polymorphism	of	
LncRNA	H19	was	confirmed	to	be	associated	with	a	decreased	risk	

F IGURE  5 Knockdown	of	RP11-	
569A11.1	promoted	CRC	cell	proliferation,	
migration,	and	invasion,	but	suppressed	
cell	apoptosis.	A,	The	efficiency	of	
RP11-	569A11.1	knockdown	in	CRC	cell	
was	assessed	by	RT-	qPCR.	B-	C,	Cell	
proliferation ability was assessed by 
CCK-	8	and	colony	formation	assays.	D,	
Cell apoptosis was determined by flow 
cytometry	array.	E,	Cell	migration	and	
invasion activities were measured by 
transwell	arrays.	*p	<	0.05	and	**	p < 0.01

F IGURE  6 RP11-	569A11.1	positively	regulated	IFIT2	expression	in	CRC	cells.	A-	B,	Hierarchical	clustering	and	volcano	plot	revealed	the	
altered	genes	with	statistical	significance	in	SW480	group	and	HCT-	116	group.	C,	The	Gene	Ontology	(GO)	analysis	of	these	altered	genes	
from	three	aspects:	biological	process	(BP),	cellular	component	(CC),	and	molecular	function	(MF).	D,	The	top	enriched	signaling	pathways	
of	these	altered	genes	were	analyzed	by	KEGG	pathway.	E,	The	intersection	of	378	dysregulated	genes	in	SW480	cell	group	with	317	
dysregulated	genes	in	HCT-	116	cell	group.	F,	RT-	qPCR	and	Western	blot	assays	were	performed	to	detect	the	RNA	and	mRNA	expression	of	
IFIT2.	*	p	<	0.05	and	**	p < 0.01
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of	CRC	in	a	Chinese	Han	population.24	Currently,	SE-	LncRNAs	have	
started to attract widespread attention of researchers because of its 
crucial	 role	 in	 the	development	of	 cancer,	 including	CRC,	 and	have	
been	considered	as	a	promising	biomarker	for	CRC	diagnosis.	In	the	
present	 study,	 we	 characterized	 SE-	LncRNA	 expression	 profile	 in	
CRC	 tissues.	 Given	 that	 the	 expression	 abundance	 of	 SE-	LncRNA	
at	 lower	 levels	than	that	of	mRNA,	and	RNA-	seq	 is	not	sensitive	to	
low-	abundance	SE-	LncRNAs,25	we	 conducted	Arraystar	human	SE-	
LncRNAs	microarray	to	detect	differentially	expressed	SE-	LncRNAs.	
Among	these	SE-	LncRNAs,	RP11-	569A11.1	was	found	to	be	signifi-
cantly	downregulated	in	CRC	tissues	and	cells.	Meanwhile,	ROC	curve	
result	showed	that	the	diagnostic	sensitivity	and	specificity	of	RP11-	
569A11.1	in	CRC	were	74.29%	and	71.43%,	respectively,	suggesting	
the	potential	of	RP11-	569A11.1	as	a	diagnostic	biomarker	in	CRC.

RP11-	569A11.1	 is	 located	 on	 chromosome	 1q32.1	 and	 is	 an	
antisense	 RNA	 of	 SYT2.	 In	 vitro	 experiments	 confirmed	 that	
RP11-	569A11.1	 overexpression	 could	 inhibit	 cell	 proliferation	 and	
metastasis,	and	induced	cell	apoptosis,	while	RP11-	569A11.1	knock-
down	generated	an	opposite	effect.	Thus,	we	suggested	that	RP11-	
569A11.1	acted	as	a	tumor	suppressor	gene	in	CRC	carcinogenesis.	
Acting	 in	cis	to	regulate	 its	adjacent	gene	expression	 is	one	of	the	
most	 important	mechanisms	of	SE-	lncRNAs.26,27	Thus,	we	first	ex-
plore	the	underlying	mechanisms	by	analyzing	the	genes	that	over-
lapped	 with	 RP11-	569A11.1	 or	 within	 50	 KB	 of	 its	 transcription	
start	site,	but	failed.	Finally,	we	performed	RNA-	seq	assay	to	ana-
lyze	the	potential	downstream	genes	of	RP11-	569A11.1	and	found	
a	set	of	upregulated	IFN-	stimulated	genes	(ISGs)	in	RP11-	569A11.1-	
overexpressed	 cell.	 Further	 RT-	qPCR	 and	 Western	 blot	 analysis	
showed	a	positive	regulatory	relationship	between	RP11-	569A11.1	
and	 IFIT2,	which	 suggested	 that	 IFIT2	may	 be	 a	 functional	 target	
gene	of	RP11-	569A11.1.

Interferon-	induced	 protein	 with	 tetratricopeptide	 repeat	 2	
(IFIT2),	also	known	as	 IFN-	stimulated	gene	54	 (ISG54),	was	an	 im-
portant	member	of	ISGs,	which	formed	complexes	with	itself	or	with	
two	other	related	human	ISGs,	ISG56/IFIT1	and	ISG60/IFIT3.28 Due 
to	its	inhibitory	effect	on	cell	proliferation,	migration,	and	invasion	
and	promoting	cell	apoptosis,	 IFIT2	has	been	identified	as	a	tumor	
suppressor	in	many	types	of	human	cancers,	including	CRC.	For	ex-
ample,	IFIT2	downregulation	by	Wnt/β-	catenin	signaling	promoted	
CRC carcinogenesis and development through suppressing cell apop-
tosis.29	The	poor	survival	of	human	non-	small-	cell	cancer	 (NSCLC)	
patients was associated with the decreased IFIT2 expression.30 The 
deficiency	of	IFIT2	promoted	the	progression	of	oral	squamous	cell	
carcinoma	 (OSCC)	 by	 activating	 atypical	 protein	 kinase	 C	 (aPKC)	
pathway	and	epithelial-	mesenchymal	transition	(EMT).31 IFIT2 par-
ticipated in various biological processes by promoting cell death and 
apoptosis.32	 To	 further	 explore	 whether	 RP11-	569A11.1	 affected	
the	tumorigenesis	and	development	of	CRC	by	IFIT2,	we	performed	
rescue experiments and found that downregulation of IFIT2 partially 

abolished	 the	 inhibitory	 effect	 of	 RP11-	569A11.1	 on	 proliferation	
and	metastasis	 of	 CRC	 cells.	 That	 suggested	 that	 RP11-	569A11.1	
exerts	 tumor	 suppressor	 functions	 in	 CRC	 by	 regulating	 IFIT2,	 in	
which the underlying mechanisms might be investigated in further 
study.	Moreover,	 from	 the	 intersection	 of	 SW480	 cell	 group	with	
HCT-	116	cell	 group,	 there	were	20	dysregulated	genes.	Of	which,	
EGR1,	KLF10,	TXNIP,	and	ATF3	have	been	confirmed	to	play	a	tumor	
suppressor	role	in	CRC,	which	may	be	the	potential	regulated	genes	
by	RP11-	569A11.1,	which	might	be	validated	by	further	study.

Collectively,	this	is	the	first	study	to	systematically	evaluate	the	
role	of	RP11-	569A11.1	in	CRC.	RP11-	569A11.1	was	downregulated	
in CRC tissues and inhibited CRC cell proliferation and metastasis by 
regulating IFIT2 expression. The diagnostic sensitivity and specific-
ity	of	RP11-	569A11.1	were	74.29%	and	71.43%,	respectively.	These	
findings	suggest	 that	RP11-	569A11.1	acted	as	a	 tumor	suppressor	
in	CRC	and	had	potential	to	serve	as	a	diagnostic	biomarker	in	CRC.
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